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Chapter 2 


2.1 


(a) Nonlinear, causal, time-invariant, memoryless. 

(b) Nonlinear, causal, time-invariant, memoryless. 

(c) Linear, causal, time-invariant, memoryless. 

(d) Linear, causal, time-varying, memoryless. 

(e) Linear, causal, memoryless. 

To check for time-invariance, let x(f) = u(t) and let 
■*i(0 = x(t + 1). Then 


y( t) = 


yÁt) =• 


1 1 t > o 

[0 t <0 

x{t + 1) t> 0 

— x(t +1) t < 0 

1 t >0 


-1 -1 < r < 0 


*y(t+D 


so that the system is time-varying. 

(f) Linear, causal, with memory. 

To check for time-invariance, let A*|(r) = x(t - í 0 ). Then 
3h(0= | x l (T)dr= | x(r - t 0 )dz 


f-í„ 

= J x(z)dt = y(t —1 0 ) 

—oo 

so that the system is time-invariant. 

(g) Linear, causal, time-invariant, with memory. 

To check for time-invariance, let x l (t) = x(t - r 0 ). Then 

t t 

Ti (0 ~ j x \( r ) ¿r = J - t Q )dz 

o o 

'-'o 

= J x{z)dr 

-h) 
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But 


í-;„ 

y(t-t 0 )= J x(r)dT * y,(r) 
o 

so that the system is time-varying. 

(h) Linear, causal, time-invariant, with memory. 

(i) Nonlinear, time-invariant, causal, memoryless. 

(j) Nonlinear, time-invariant, causal, with memory. 

(k) Linear, non-causal, time-varying, with memory. 

(l) Linear if zero initial conditions, time-invariant, causal, with 
memory. 
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con^4¿ 1 c.V- 4Uc^ 

cj ssu mp 


4Wa-V £> <| 

skrn 

X ;’s 

-K>. 

Op^Vnurr-) o 

per alH° n 

on XCt) 


Cb ) IM O ^ -!Ims u50uld c.onWA<iict ^b«. .sVa be rr><of ih<*.h 

~W S£cond operaU&o |V> Sijsk/n 2T ,s ©pbmum • 


~'^ ,esc - Svjslems are líjenle a.1 -frern )he p erferm an^ 
V(£óD pomfc . 

C<0 , n«J onKj -]he sysk*’ U te /o vertible. 
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2-<+ i,(í) - U 5 CU *CU,<Ü + ■* Ucirj J- L, 4 f bj 

T t lL '^(fc; *JV*\* ( y + ( v sa, 

= * b/ % £g 11 lk (bj -í- £ C -tjj 

= -t fe tr - e 1 *0 «.(A-J + (br) 

- -V £V ^ + í 3 ^3 ^ 4J 


Sb^\*- 



2 |C> ¿s, h'OO + hCt) = ÍCt) 

R 

KCe ) .- _£ c7:p £- r t /l J u Lt) 

17 * c i±m + he t) * SLt) 

« b 

C<y) u Cí) = ¿¿ € *P C“fc/«cJ uCt) 

* Cfc) = uc-fc-^) 
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(•=) rp yí-fc)-- [i - c*.p L-Lt- o/j.)/rc j]uC¿-8/ z ) 

y Ct) = U Ct + 'H/a.) 

^ ^ = (i - «p[-u+«/i)/Rcj) u(t-t 

Cc) = rccí- = ^fCfc+'V/z ) - U Cfc-r/i) 


ytt) r >*cJ- C»l) - )/<c 

+ ex.p [- O- s/ 2 ) /R C 7 a Ct- 8/2.) 


2'« dHCt^ 


=»t 


t- h c¿) _ §■'ct) 

R<l 


ll Cfc ) =. <S Cfc ) - €xp C- fe //? C. ) U Cfc) 

^ ^ U Cfc-8-/*.) 

yct) ^ a Cfc- 8 /O +- [gc«.p[-(.fc-84) //?c 7 - >J u Cfc ~ ) 

- Rc exp r- Ct-e/i)/fic]uCfc-6/2.) 

Cb > íf- xífc), a U+ * /a J 

y Cfc) r RCcxp i- Cfc + ^2.)/Rc7 a Ct-ffr/a.) 

3f- aU) = «tKfc/9)^uCt+fr/i.)-u(.fc-&/ 2 .) 
yCfc) - gc<xp[- Cfc+»A)/Rc.Ju Lh+e-fr.) 

—Re exp [_ Cb-B-Zí) ¡B.c'Ju Cb-e/2_) 

and Cfc) -4 -c^jo ifjp u fc t('gnal<,^ anal 

ltfc y«¿b) ar.d u ¿ t ) , m . • 

■ J2 ‘ ' ~+Hc Correspond m< 


IS 

,N 

4 V,ct) 


4 fc" 

£S^) + . Z 

4fc* 


M-t M 

A k ít)d k y,(it) _ Z b„ct) 4'jctfc.) 

4fc*- 


t* ^ 

K=o 






<- ^it) Aw . b tt) 

° -i - K = o 


^Spons<s- 

Cu 

<*> 


dfc^ * = ° ¿fe*, 

y i Cfc) and Va. Cfc) wusl’r S«K‘sp^j 

v O>>- '¿tb)-. OJ 

o 

n^-arl- h f 

k fche. tnpub Tj> C« = « *, C fc) + p X^Ct) , 
t * 3 ^ ,ert Q - r,c ^ f^> Q ’ n= - anu m^nlex nu mbcr-s» . "7 hen y 


rnp 
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2 2.0 


e«ps cO «dl.U), H is> noF 4¡P(Vo4b So 

4-ha}- '-(3 ¿t) = <H y , Cfc) -f- fS^Cfc) SaWspi e-s. -4he 4‘ffece.n li a 1 

c/^ual-ion 


iJíiíí^ + ^ ¿L £Sc3¿b ) 

^1 J.H í<* — G » . Lr /<L •= O I 



•=H“ k ’“ j t «. 


aí*~ 

and 

$irom £_C^. (3J 




^ «< v.^l^ + 

í* 

Tke hí- 

h”^- „ MsLfc) t i, 4Kí rc&po^sc. fa 

’X^Cir) / <3nd -ff->as 

"H\^. 

,c, linear- 



L«.t 

'it b^e. 4ke. r<.£,pon^. 4-o 

an nñpa^-- ^C|Ct) / 

LoU *C_K 

le ~za.Tr 0 (U>n fe < fc 0 

Tíia V- 

’ts 

<=l 

>*> + 

4t* **» Jl t K- 

M 

= 2. k 
1^-0 

„ ( \) 
4t !< - 


ÜO 

Sil í-O . O 

0 



WooJ 

const4e>- -ilai. tnpui- 




•Z. (_b} = xCt- 0¿ ) 

a. 1 



f\o Wí. 

-Hocif- X^t) ts 2 t.r 0 for 

t < bo 

+ '£ "T^erepo^c^ 

-+W 

responde y ^Cfc) -h> 4Wá 

mpuf~ 

musP sapi's py 


^.'ffc^cnPcLÍ •Cflua l-too 

* M 

4- ¿ Q k . ^jg^ > „ 2. ^ C4-) 

4 fc w 1^-0 4 fc l< * 

Oúl'H"» 4U»c \r> l-{-ía l dODcíi Pi or l S 

t 0 4^) - 0 

Ustnj ecjns- CO and OO, it 1&- 

Sl^ouj 4ha.l- 'J.Ct-'Sf) Sak^Pils 


C 5 ) 

¿t-rai^^í" po reo<x~r <i P° 
- (^) And (.5} 
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£j.»n el -HmíS 

Ct -1? ) 

2 Z1 m ^U) -k-M 

<dt=- 


kh 


n 


i ¿O 




O Y" 


M d 2 ‘u Lb> 

j__ + KM = t(.t) 

-tt?- 


Ass.u»n<nej -{loaf- ^ Ct,»)- 'f Cfco) = " Lto ) = o 

+W*n c^rd,ng ^ p« ble m X- t c, , £ ¡ & 

e<a - , aUo occovcíiñcj ko probl-ctr, ¿. 2.0 y -4í->e sysk.m 

'S flmt- l'nvaYianl- “«,• . , , . 

h,s c<a n fcc_ 4-t^ 

íf- eíUYC-r 


e>>- H (4 üloan^m^ 
2.22. M 1 &"cfc) = -x.ct') - Me, Sin ( g¿.fc) ) 

* u ct) f A s« £ *tt)) = xü) 

-L 


-ime _ var^mj 

Oa (|V) -i-irne . 


iM £_ 




+K<S * S^hrm nol- Knjtar 

r P e-Lt') is, spr, Q |] Suc ^ +Wa \. 

^ C*Ct)) 5 e-Ct) , +hen 

®‘ U + _3_ ©Lt") - 

-£- M4. 

í-ol^ic-K vs o. (irnaT • 
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2-^ \J:[^ tb ^ 

CQ/ y -- x- 

& -- ^ <V' -f < - * Cx - T- < - <*, 1 +- <V 

^ 11 - b (3 ' - it$ { C^J 

p = i x' - > t j/' ~ i - i y-' - 3 C x ~ ~ ^ <J ~ 1 

; JX - 3x r 4 0/^3^ O» } 

u " 7 . xx' 5 '- ¿x' -4 -4 o/' -*- i o/ 

^ -- n /7 -¿x ^ a^-x o/- oi { j + 3u>' 

- 2 p - 3 x r -e 4 x - 5 <3/ - 4 ^í c ^ 

X v^*V 1^' 4- p - X X^-4 X' ^ ^ CsJ. 

C4r (i r <p = X - Oj_ -- x-p <^- 
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2■ 21+ 


xt& 



Vt'-Ct) - (_-fc) -f 5^Ct) (O 

v.'ct) ~ 4rX-Ct) *- y£.t3 + V 2 _Cf) 

•j Ct') _ v, Cfc") 4 :* (_t) OJ 

Fvom CO , C 3 -^ Ond (3) 

ijCfc) i Je fxítí + yto + v x tb) ) cífc 4 as. Ct) 

= J ^4x Lfc) + vjCt) 4 J ( 2 * CtV 3> vjCt>) + xCfc ) 

Vj^t") - 4 -ai L-O 4 y Ct) 4, J ( 2 .x Cb) 4 3vf Ct)) 4 b -t x'Ct) 

3 U Ct)^ 4^'cfc) 4 y l CO 4 2xU) +3vjCt)+ *. 1 '0) 
R<arv a r>0in^ kvm<» , 

y"Ct)-y'Ct) — 3 y Ct") ^ i <.Cf> 4”4 x/Cb) 4-xí‘Cb) 


38 



















3 ' q > 1 _1 - Oo = -2 , b i = 3 ^ b, =• o , b a 
fivaf- Canonical {-o-rn-i 



I 


Seconcl canónica. I fe 



2-2 7 


¿ c Cfc)^ cjv^ct) \Z K Ct) = R¿ c tt) s. y Ct) 
dfc 

X Ct) = v c Cfc) + y Cfc) * y tt) *--L | yet^oMr 
y'ct’i -+ -L. ^ Lfc') o- x'ct) 

H'ct) * , á'CO lefc U p C«- C.á'tfcJ 

J2.C 

■==> lo (.O =. g «. fe actl + 

&*í-b>+ dS’CO + B*- 

He. x 


=> k li) = 5 - i- € Rc u Ct) 














1-lS 


2-1 °l 


2-30 


TVe 


I 


O-’v ^ 


vi 


- ' fi)s [i * 1 ]*>*['] x (k) 


H(i) - C 1 «□ C-fcJ> 

&.<»->A lp\»o ■■a v‘(tj* f° ^¿ct) +l~°Jx(k) 

3W-/1 ¡jy^ 


VJc 


■»—-\A/\/V— 


x H 


±f 


■1/ 


■4d- 


r) *■ 


X-*c- 


Cn^ ; 


5 

&k« 


$ c -í'c •= 4(*~ O 

e c - -l- j\. ^ ••• ^ ^ 


c <s> 


c - kc “ ^ ^ O ^ - £ kc 

k fvk 1/oJviokk , 


- X Ov«-> cS -O t—, & ; 

flr S (~ í ^ ^ ÍLi i o ) / o 

D U o J / V -f- / i 

x o 


o 


- X 


X 


S4 X 


^ - O ° <0 — 


\& A -' 


1 O 

o'- ¡ O o j 
o_ o " ^ 


4 


r c ^ 

o 

i _] 


X 


3- -- O '3 2 
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CO Se** íes 


e** pa.n si o o 



(‘O Calej - Hami \Yo n 

^igenvciloes oP 44oe. A "*0 

¡r- 

& At ^ VoX +- V, A + Ví.a’" 

e^ fc = y«s - 5 ?I + ^ 
t a" fc X >> _ 
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t 9 *"* = 2. 


r ¿ r -t 


> -b 


*. = -Le fc 4-tV b 

V 0 - e.^4-fce' r +'t-e ^~iP~o ^ 


■£. e. 

2 . 


-p A Ir r Vr -i- + ^ A + £ A 1 


«r b * t¿" fc + 

2 - 


2t4 _b -t«r fc 


<0 A 


-I I 


l -3 


I - i 


-3 S 


_ a. s 


a* _ r _i * ^ 


á" -ia 


(O Sc.rl<^ ex. 


petos i 


«P A b r H +. At 


A*b% A 3 t* 


I o o 


o i o 


-l '-I 


t -4 I + 


o 1 


-l o 


-3 8 


-2. S 


° 3 t? + 

O 5 -12- 3 I 

o 3-7 
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j>l* 



t - b+ b 
2 . 


t * fe. + ... 

2.1 


I 4 fc -Sfc 2 -^ S£~ y . 
z[ 3 [ 


-b 


b 

- iE> «\ 


2 ! 3 1 

e*£>' h 


- y 

-t 


-4 te 

be~ fc 

(l-2t)í 


-bf 3b" 
3 / 


-A b + Sfc^- [ir t 3 
2.1 


•1 - 3fc + 

2. -?! 


J 




«¡O Ha^i l(-c 

"Uie ei gen \zaiucs ef- A - _l , "I 


A t 


= V* v ?, \ + ^ ^ , for ^ 0 •= -I 


"=r> * b -= f» -•?, + 

tc_t = ^ - 2-^ 

fe- 2- ^ ^ 2. ^2_ 




= t^^~ b 


? o -- C 


t<= _b + tV fc ~ c-t + 


y -t 


*■ t« b + ¿^ b _ £ c'h » C I +- t 4 £• ). 

2 - 


-tr 


p(Ak)-- 4. y,* + V1A 2 - 


-b 


x, ^ -b 
" ' e 


c-f) 

0 + 2.fc)¿r fc 


¿’t <-**-)<=" fc 


be. 


-t 


-4 b<z.~ t 

(_l -zt) ¿~ b 
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2-3Z 


2 .- 


f rh O y r o~í 

Cs^am 4- = j.,g _ £ /— I l J 


X- 


Z-C‘ üü 

Vo^v^S. ^ ^ = 

L e e : ^ ■+ r< C-H) 

e 4<: = r 0 vr, C-*J 

-' £ - 4 t 

5" V r ‘ * A V-^* «" 44r l 
^ -- v c« _ J 


Wc\- \ e 

í 


,. ga>- e At = r = (i_Jr " K - aJ * * n 

. r-.„-'- h -€< h 'í' a ~¡4i r (€ ít -^ 

" v- " ' c ' / - ' 

,i_J¡r -4 -t y b . - 4 % I 


/ / 

lo / i 

í? — O » 


f-¿ -4r« ' . J 

_'-* ^-4-t _ 5 - t + K.¿' 4 ' <: | 


_7 -a-ér , 2» -4-t- ^- > 

U(teJ = C - -£. e -r 3-e 

y" (t^ ♦ 7^0 i* X'C«-3XW HXa) 

XLt) = ST.O 

¡ C cJ form of -tir ,«r sjSkm is'^vtn bj 

XLt) 


y'co) = yc°)-o 

tW'fi Secood Canom 


< te) 1 __ 

O \ 

" 4Ct)~ 

+ 

a 

v z 'ct) J 

-12- -7 

v 2 ct) 


i 

- 

yCt) .[ 

1—1 

0 

1 

tp 

\ 

’ v, Lfc) ‘ 

4 • 

X ct) 


lC her-C A “ 


O I 

-l¿ -7 


v; te) 


b ^ 


r o' 

i 


«..[.-* -'°J, d = 


-+he ctg 


en v a 


° b" A <a r-¿ —, 4 
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-3b 

<=- =/» - 3V, 


- 4 -b , 

C » -4- ?! 


-j /i ~3fc —4-t 

*• - 4 C - 3 <S 

. —3fc -4b 

V, i c - e. 


e*pA t * + V, A * 4¿3 - 3£ * 4t 

-3tr -W= 

-I2e + u-e 


- 3 C - 4 -t 

<t - e 


_ -3b -4fc 

-3 c- + 4 t 


uco = c cxpCAt)^ <- asct) 


- [[-■? ~io~J 4-c _ 3c 


-3t -41 


-3C _4fc 
-I2.C -(-12c. 


-3b —4fc 

<L - C 


2 ~ ht ; „-4t 

- 3 c. -f- - 4 -c. 


-+- £ ct) t^s 


- 24 « 3 - 32 C 4t V Jet) t ^ O 

2-34 v'Cfc) = AvCO 4- bXCb) 

^fCt) = CVtt)+ <iXCt) 

Cissunr-c. ’2.Ct) = pv Ct") «n j p -1 €.X'5>bs 4k«n 

V(t) ~ P'VcO v'6t) = p-'z'Cfc) subsli'kik ,nk> 

*=* P"‘ 2'CO» Ap^ZCfc) +bXCt; 

^ ct) - c p~ l 2 ct) -4 4 xCt) 

ov ?'Cb) = P A p -1 ZCO + Pb x CC) - A i ^ Ct) + b, xCb) 

vjet) = cp"'2C-t) 4-4 *Cb) - ^CO + cl.XCt)' 

^•6 0 


2-35" 


W V' = 


-3 \ 

-2 o 


</ + 


= C> o] ^ 
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X 
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C Ua-jafcen- 3 




x,ct> = f.cen 4 z (i f t ct) 


*■" =■ / Xi<-t)f,itíjt , f (it) fyf t) jt 



» ’x,W(WJt -- Jf 

J ^ ^ 



X, (t), ^ f,(0 4 *„£u) 

^2-1 ' | J f ( Cé) dt = J 2 [k - 3-) JI Ct - 2)d b 

12 jr / ct-i) Jt 

* j? 

= j” * 2 O) í, (tJJt = 

t 

- - 1 /# jV^ t 
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3.2 


x 3 U> -- 

* 5 , r 


X 5( f.CO + 3^2. ■fa.í-fc) 
j / 3 Ct)-f l (.t)olb . J ¡ 3t Jf’fcifc 



ir <¥>' r 


^ dt -¿yt 
2 - 



X 


32 . 


I X 5 í.t)l(OJlr 

o 1 



X a = 



5 ~ 

> vT 


) 


(a) Choose a, such that <y/ l ,y/ 2 > = 0. Thus 

< x,,x 2 > 

< X|, x-> + a l x l > = 0 or a { = - — - 

£[ 

Choose ¿i, £>2 such that < Y\>Yz > = < ^ 2 » Vi > = 0- Thus 

< x,, x 3 + + & 2 (*2 + a,X|)> = <X 1 ,X 3 > + ¿’ 1 £'i 

so that 

<x,,x 3 > 

4,1 = —— 


Also 

< x 2 + aiXi, x 3 + &)X[ + ¿2( x 2 + a\x{) > = < x 2 , x 2 > + a { < x u x 3 > 


+ ¿ 2 [£2 — 


< X|,x 2 > 2 

E { 
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so that 


<x u x 1 ><x l , x-¡> - E x <x 2 , X 3 > 
<x { ,x 2 > 2 - E^E 2 


g 

(b) Wx = x u E t =< Yi,y/ { >= — 

< x { , x 2 > = 0, so that \¡r 2 = x 2 , and < y/ 2 , y 2 > = E 2 = 2 


< *[,*3 > = 



1 

[*(1 -t)tdt + J*(-r 2 + 3í-2) 


V 6 


< x 2 , x 3 > = 0, 


so that 


b¡=- 


1 3 V3 

i — i — X- 0 — i— , b~) — 0 

V2V3 8 8^2 


Therefore 


V 3 =x 3 



0 < r < 1 
1 <f <2 


and 




1 4 

J (9r - l) 2 dr + J(9í - 17) 2 <¿f 


We therefore have 


57 

64 


0i(O = 




0<r <2 


■ ., 1 1 

02(0 = -r=yi = -¡= 0 < r < 2 

V2 V2 


03 (0 


= VJ«=- 


8 9 1 

VmV 8 J 

8 9 17 

V5sV 


0<í < 1 
1 <í <2 
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00 I 00 

(a) \// 1 = e~‘u{t), £, = J e~ 2, dt = -, E 2 = j e~ 


r _ 3tJ i 1/3 2 

< ^ , x 2 > = J e >‘dt = - , so that a { =-= - 


1/2 3 


^2 = [e 2í - j e ']«(/) 


7 i 7 i 

< x u x 3 > = J e^’dt = -,< x 2 ,x 3 > = j e~ 5t dt = — 


so that 


lili 

h - - — - * L _ 3 X 4 2 X 5_ ^ 

1 1/2 “ 2 ’ 2 " “1 í ~ ~ ~ 5 

9 2 X 4 


^3 = [« 3 ' - j ' - j O 2í -1 e ')M0 
= [e 3í - - <T 2í + — e~ l ]u(t) 

(b) < Y\, \¡/ x > = -, = V2^, = V 2e~’u(t) 

1 2 

<Vi,¥i>= — , t 2 = 6y 2 = 6[e~ 2 ‘ - - e~ l }u{t) 

<¡// 3 ,i// 3 > = — , = 10/ó^ 2 = 1O/60 -3 ' - | e -2 ' + e~‘]u(t) 

oo 

(c) Now c¡ = J x</>¡dt 


so that 
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%(t) — Cj^jj + C^éi + C3Á3 

= [— e~ ! - - e~ 2t + e~ J, ]u(t) 

35 7 7 


and 

E x = Energy in *(r) = 0.125 

E.i = Energy in x(t) = 0.1249 

E e = Energy in x(t) - x{t) = 0.000102 


ía) (M )= | | XOO -4¿ CO ] 


U- « 


^ £c _ J 

^ Cj CL 

\ 1 M 

w) - a ^ 
*5 ¿íl 

= (\ (xoo- 

J f* - 1 < 




. ( XCO - Z^c'^CO; 

<x 

L — * 


e 

--0 

Ut) 4j CO <U 4 . 


Cn 

\r> ovd <v 

■^o rrT>r>¡ m i z.c -f-ki. 


condik^n £ c 

t 

=> Cj - 

1 ® 

J XCt) 4/C04.t • 


«M 


< 


.b M 


^ y* o r / 


>¿ CO)<ít 

Ct)4t 

-Ikc 


o 



^ Ct>nS(cUv CornpÍLx ^Unc.U 


on¿ 


• tN '* / i xct) - 

o - I 1 

= / C* Lk) ~ ^ 4¿<LO )(*¿fc) - 


M * 


3 t c (N) /^ * ~l *T K , 

. * í (x ¿t) - 1 C L 4\ to ) (- 
J / 7 


3 C 


Nok m a * -3 c * 

J ‘ 

Yo ~2jlXv ar>e} So\vy ¡n^ tj i c.1 


X . f «"«) ♦j 


COJb 


c r 


C L - = f k xi.O dfc 


3*5 


— -p flO 

/ 4^ct) xU)l t -- i ^cCt) ^ v $*- 

J J k-* -*o 


•o , \ 


2 í ¿K+r^)<> u ct)Jfc 


k - -^o 


|* co 4\*6fc)«lb » c¿ e¿ 

/T y. 

° y Ce - X * Ct) ¿ c Ct)dt 

r~ J 


*j (t) )dfc 


a) dt 
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3.6 


(a) We can verify that the given Walsh functions are orthonormal 
by directly evaluating 

i 

J wal w (k, t)wal w (j, t)dt, 0 <k,j <6 
o 

i 

(b) Use c k = J wal w (k, t) t dt to get 
o 

1 1 1 

c o 2 ’ Cl — 4’^ g ’ ^'2 ^4 ^5 c 6 b 

Thus x 3 (í) = x 6 (t) and is as shown below. 


3.7 



(a) With cú 0 = 1, we can write 


x(r) = 2 + - 
4 


e j(co„t+ 45 °) + e -j(co n t+45°) + e J3co a t + e ~j3a„t + j e j(4o„i+30°) _ 
-J L J L. 


so that 

c 0 = 2, c, = c_, * = ^ e Ji \ c 3 = c_ 3 * = 1, c 4 = c _4 * = je 1 " = e jm " 


e -KAo> fí H-3W) 


56 





COr 

^ X - d.o+ 2" Ldr\Ce>SCofc) + brySlñntJ 


n= i 

UJ ( 

O. o '• £- o “ — 

TT 


Q " = ^ R< [Cnj - 


2- ¿>S> n T T | n | ■=#• I 

rr(t-n^) z 


b 1 ■ 2. JTm £ Cn - o 

3 1 0 ^ í-fi = Siñ fc o¿táiT x Ct + ir) = X0fc) 


- -i- J" X Ct) <TX.p [-j 2.0 fcjcjfc- 

( W s,»t «p[-j 2 » tUfc ’ X í " / e^jtl-j^ny^á] 

J TT y l 2.; Jl 


- _L 

rr 


— i— - ) 

(T \ ' ~ 4-n 2 - / 


3 " XCt) = 


Qo + .Z. / ún CoS 2nt + t 0 S/ñ 2nfc ) 

n ri ' 


a 0 = 6, * 2 . 

a "‘ 2R «^í ’fc 

b " ■-2I.ÍÍ.) 


«Ot'W, 

u = i 

,n C>arr,p)c_ 3-2-| 

Co 

- o 

Cp> 

- -^=— n o cícJ 

J n TT 




= o n «veo 

lO, ) 


2_ 

h OcJcj 


ín | TT 


r 


n - 2 m - / rn - ); 2 . . ■ 

= < 

1 

0 

n si 2 .m ’rn - o ,1 y 2 . 


i_ 


n z - C2 - m ) rn - i •• 
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2 

_ 1 _ 

2 

/3* 

/k 

,¡Cr>l 2 

i 

■M 

. 3 

/3f 

2/Zr 

-5“ -4 -3 -2 -i | 

0 i *- 3 4 r ~ 



XCb) ¡n (fr) ■ i, . L'ri a ■ 

»s ±¡ne ltnn¿ shif-f. virsíon of *Ct) ÍA 

C °° COlVh shrp-h ^ - - X. 

2 - 

dn = Cn íXp [.Jn ¿O* ?r 3 

- Cn exp L-j^r J 
=> Un I - I Cn ) 

4dn - $Cr, - CZ C-«~ < $ cffl ¿7r) 

\H¿>1 


2 

z/sr 

J_ . 

3 

/3JC 

k 

\ 

f r 

X 

/3r 

* 

<Sr 

* -3 -2 -1 i 

° 1 2 J 

* 3 

r" 
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(c) TVe. Xít - ) m CO I-he J-irine. -sKrf+ versión XOt) 

m CcO coitf) S^x'pf" ¿ 

elr, = CXp Lj n| ] 


==5> |cin | = | Cn I 

2$. c |n s 2$. Cn •* nií 


J ’ ' 

I 

“2. 

2 


•M>/ 

2 

/r 

3 

'3t 

ysx 


i i —-- 

3 -* 



-c -A -3 2* 


- 3 

r 




i 1 " 3 ^ 




Cd) XCO ¡« CcO «Í k» XdO I« CO a dc 

connponenfc 

te XOO = -« + CtxpLjnFtJ 


= -!+£. Cn expiji^ " tj 

r> =->o 


*< 

r 

n4 0 _ 

'3r 



t/T 

t/3r 

r 

■ --?- — r) 

—. «i - 

$ 

*■ 

• 

\ -2 -J 

i* 

t 

! 

ÜLl 

s O ± 2. 3 * 9 

>* 

_í_i _1— 1 — í — 

i 

<*> ■ 

d- 

i 

3 -2 i 


***& W£ **% 


60 






CO *<*) *5 an 0 ¿¿ symneVric. fu nJ-< 

~ ~rj XCt) exp [-jn o3 g tjolb 


7 I 

. r 2 - 


= -üj 

i A 


X Ct) Sin nup 0 (:.c!b 


co t f4'> __ 

^ ' 3 00 o — 2-Jl Os — 

— f -o 


ü f (fc-OSm db 

3 o 3 

2 J f _1 ^Cos 2 Ji7i~ _| ^ ~ _1 £«.s 2. nlt J ^ <^,ó 2n iT / 

3 L ¿^T7- 3 1 - 2 .nl r 3 (.2n7ry 3 _J 




3-(¿O An = 2 He [Cn 3 * ° 

[c„ } . 


n c«r> 


^- b ) dn - Cn txp C-j'íUl J 
*•• ^ Se { dn} = 


-_£. Sin fl_í! 

n 7T 2- 


- -2T m _ 

CO dr, = Cn e*p£j„jnJ 

■'■ . i.#, {*} , j 


- ^Xm [do J' i* 


id ) 4o - ->, An Qft< J 
^ drt = 2. Cn 

^n - o i? „ - f 


cn 4„ * ¿ c„ 

¿X ° = ° , (X n - O . b, 


a» - c. = ± 

4 


a n , 2 [C,] = 


~_fL £¿?s OJT ^ cdá 

n IT 2— 

o O evnrn 


Sin J2 ;t 


n cvtin 


<« °f r, ,JJ 


r> cvth 


ore -fio e. Sa^n¿ as io 6^) 


n odd 

►7 77~ 

° r* ev^n 


2— n odd 


n ^vrn 


n < /cp 


o ¿? dd 
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n 

fl Ofil d 

*— n ir 



0,0 • ^ y a ° 


4 CC®5, 2^"- -I J 
3 

4-lT^n 2 - 



ún :C 


- - 2 - 
n ir 


S('n 


2.»* TT- 


.2.n H 
3 


•3-t4(a) C* = 

Un.l - 


■— J T xct) Otp í'j UULÉ J <Jk 

O _ 

t 

11. j' r xu)« P r-ji^Lí]J t ) f 4 i ,iat),dt 

O 


C b ) NJo il- 

¿oes 

>no fe 

funcb¿r> *CO 

^ Srn 2jr 

<^°<r.S no!- 


V 

DÍrí*<iMe)- Cood¡l-iór) 2 

A s 

i (1 us-h-af-t; d 

in 

-#V»€. 

^5 un<í k><.íoio -fW 

(un c I-ron 


0-° ín(-í‘n '( l-e. n u m to- o rn o.xi\nd. ctrxd rr>\ n irv> a. ir> 




CO 

<d o es 
S iV> ce 



n«.V meel- t> Ivt'cK le l- 1 y 

J ^ l X¿0 Id*—» 
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^ X Lt) = b 2 - 

(T < b ¿ IT x ¿fc + ztt) = XLtr) 

X Cfc) = 

xt-fc) b„=o 

a " “ 7 í 

xa) as (i fl n) ab 


T- ' 

rr TT 

' ^ í 

IT J 

fc *" Cas nUfc ~ 2= J ^ Os ° ^ d b 

~cr 

rr o 

' n~ [ 

s-rros nF-i _ 

fr L 

^ J ' 

a* * _!_ f 

’ "fc^db = 1 t* 1 * - "TT 2 - 

2. rr J 

fr 1 _ T 

—77 

-V 3 

0 3 Se fe t : 

= o x a) - o 

o - 

4./'|-JLfJ..±. f ... ) 

i 4 ^ le ; 

3 

-o ^ 

or 1 £z 

. n + l _ 

0_ _ ir 2 - 

r» i i 

n 2- / 2. 


3 - i 6 


+ e-xpl-j”?r j - z e*p[-j£ ] n ^° 


i\~ do <5 bícauii 


C-r> - 1 +- cxp tj’nJT J - 2 expfjiL J = Cn 

X Ct) ■= 5¿-t) 4- <$■ (. fc~ i) - 25( b - I 

6 2~ J 

3->7 XCt)- I.+ 2 sm í^ Cos 2nTCt 

f nTC 4 

M = I X U) ^ +• S- C05 


66 




Cb) A S M oo / pr-c¿i 1— 

XCt) = 1-00 | fc | 4 X 

H 

X<|t\<TT 


3 ' 8co 4 » = i (• xa) íxpt-JiüiíJdfc 

r J r " r 

* J^ÍCt) exp [-j -2.TTr»-t J dfc = , 

*'/3- 

-■• XLt) - SLb) - 21 CX P^J 2 " nt J 

n - -x? 

C«Í) X ct) = -SCt)4SCk-i) X C-t+2.) = XCfc) 

- “-L f x £fc) e xp J Jt 

- ¿ / 3& [-f tt ) + íCi-0]í*pC-j'” rt J 

'Va. 


x f - I + ¿xp L~j n " ] 

z. u 



sdd 
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’TV'us. 


04 LO 


t 

'p «Ttpljsn ’^lexpLi 0 ’ 1 ' 


n odd 


3.19 


Suppose we consider a periodic waveform to have period NT. 
Then a 0 = litlNT with Fourier coefficients 


1 7 

c » = jjj J me-™* 


1 

NT 


f 2 r ^ 

J x(t)e-J™«'dt + j x(t)e~ jn ^dt + ..+ f x(t)e - 

0 T J 


(jV—1)7- 


1 AM (k+ p T 

= J 


kT 


Let z = T - kT. Then 


1 n- i 


NT 


X f x(T + kT)e~ jn&,n{t+kT) dT 

k =0 í 


1 A'-l . -x ,_| 

= — y e - jn ~¿f ^ 
N t 


, T 
L o 


i 

J x(r)e- jnúlQT dt 


1 A'-l .2 x 

i 2 f’T* 

M k =0 


where c„ are the Fourier coefficients of x(t) considered as peri¬ 
odic with period T. Now 

1 N ~ l -j—kn 11 if n = pN, p an inteser 

— — 2^ e N ~ i w 

N x-=o [0 otherwise 

so that 

c pN = c n for p = 0,±1,±2, etc, ail other c n = 0. 


For signal (i), c 3p = 


11 p — 0,±1,±2, etc 
10 otherwise 


For signal (ii), cík = 


-1 p = 1,±3,±5, etc 


>p ¡ o 


otherwise 


■jnco„t 
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3.20 


3-1' 


302 - 


(a) c 5 = 


sm 


nn 


7171 


= = 150 ’ so that T = Vl50 


(b) To find the average power in x(t), we note from Equation 
(3.5.15) that we can condider x(t) as the periodic convolution of 
the periodic square wave of Example 3.3.3 with itself, so that, 
with K = 1, t — 1, over the interval [—772,772], we have 


*(0 = 


1 + t 
1-t 


--<t <0 
2 

0 < r < - 

9 


Averaae power in x(t) is P = -= 0.0476 

~ 12 T 


Average power in x(t) is P = ¿ lc„l 2 = 0.1592/T = 0.0130 


( Q 0 even 


6 b 9 odel sijrn /ne.i’T'vj 


^ c ^ l-> a ) (- - avo? o Jd S 

^ mmeU 

o el el S '-j rn m C. ir l| 


- oaave evnn 

S y mnr) e_ 

¿t) = y(t) 4 24b) 


L 0^«- r « Lj ¿t) = -Z, Ct) 

i )”V\ 

■2.(2 H = 7-, C.O 

UD 






'■ ^ J xcr) yjCt-K) JL't 






?ct+r) = j- f mC t-tr- a ^ 

T J <T> 


•= 2L J ^(7*7 y O-TOd ^ 

T CT> 


Z ¿b) IS> per lo¿Ko Cjo'i+K p6^iod 7" 
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3.23 


ib) 


1 J X.C'C) y Ít -Or ~ A ( fe-v) Jj (tO^y CcoonmubWy) 

T“ T 

*it)© [jjtO@v-£fc)]*x [ xcr) j^J 

<T> ÍTV> 

= _L x | ^ x(£)^ ví-Ot-*-*”) 0) 

4 T><“> 

[ X (.fc) © 3 Cfc)]® M-ü)= J; U¿ f ^)ytv-'C)4'*:>0=-O.iv- 

^ ' ¿> 

= X. J j x(t: ) ^ (r-^ ) n> C-t" dv ^ 


<T> <CT> 


i*4- 


r ’" ^ tn U) y jidlJs 

C-x ít)Q «jC-ol <g> \? (,-t) ^ J_ (" [ x (pz .} ji<r)\j-Lt - c X.-<r')¿cr¿'H C 3 ) 

"^CT, ct> 


= -x. 


CT> CT> 

LO<S) [<jCO€> *tOl (associo^vi^ 


The periodic convolution of x(t) and y(t) gives 


Z(t) = 


1 

r+ 7 


r t~ t 3 

(1 ~• x)d.x =-!-1— 

* 2 2 8 


1 1 

-- < t < - 
2 2 


fn w r 3f 9 1 3 

J 2 28 2 ~ o 


With < 39 0 = tt, the Fourier coefficients of z(í) are 

1 3 


1 

a n = — 
2 


í [ -I + 5 + 5 le ‘"" d ' + I [ I-f + 5 le """ v ' 


2 r 2 3r 9 


J[(l - ~ y)+ (| + ¿ 
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IT A 1 f 3 1 

For n = 0, we get a 0 = - j (- + -)dt 


For n *0, n even, a n = - | e jnm dt = 


For n odd, a n = - |[r + t + -]e jn,ct dt 


which evaluates to 


2 - jnn nK 

a " = W sm T 


From Example 3.3.3, the coefficients of x(t) are 

rnz 


sin • 


Pn = 


mz 


We find the coefficients for y(t) as 


L i 

= -J(1 -t)e~ inm dt 


\_ 

4 

-j 

2mz 

J_ J_ 

n 2 n 2 2 nn 


n = 0 

n even, n^O 
n odd 


It easily follows from the above set of equations that a n = ¡3 n y n 
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3-2-A 


3^5’ 


= o 


^ X tt ) x 2- Cn £xp t jnw» kl _ C, - 

yC-b) = íxLfc)‘J t = Z Cn í-f^pLj'o us„t"3 db 




? ^ Cn ex p L j ° » 11 
^ ~ *o jn lo © 


ij¿ 4 

-. ¿* 
n - 0 

Cn_ 

jnca 0 

c .*-p Ej n c-fe +1 )j 



•6 

= ^ 

Cn 

exp Ejo ^o-t 3 = 

a<*) 


n - - *0 

jnw„ 

Cb) 

dr, - Cn 

Ci re 

Sfn a. |Ir»- 4Kar> 

■X ct) 

4he 


Jn u3 0 


<0 

-Trvt-eejrafton 

ele e_m pV> ca/s l*z*, ~IKc_ 

t.^K 


IC^K 

Componen K . 

^ % c ¡nkcjvaUd ^aveforrr, ^ S ^oo++, eY 4Uan 

© r <gma| UDO.VX (-o r rr> . 

S>gna\ m F.'g are Pj. H ib) Cqo te cax'-tFrrj 
,n 4erms O^. 4U« Sign^l l« par}- Ca} Q S 

^ b Ct) - l + X a £ it -T& ) 

" 1 4 ** U ) 

■+heryz[. 0 y-z 

1 4 Cn cxp[-jn_rrj 


■>enc e. 


^Ct) = ,_ g. ^ íos 

TT 5 - 


2 4 4 d- Cos c t -a i r 

*í £ 5 . Cí >S> lot + ... 


; 
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3-2* ,- 

C_r 

» = J_ czp Cjn « j 

^ a * 4- í 3 

Ca) 

C " * n 4, eitpt ‘J"¥3 = c.„ n*) u „l ¿, r 

Cb) 

Avera^e valuí - Co - j 

¿O 

^ C dyCt) + w CO . X Ct) 


olfc 

C> r 

_¿a. + u a> * xti) 

d t J 


4 £<-o ) - _JL 


JU3-M 

•O 


c>r 


■M (n o ) - — ^ 


1 -+ i n o3 < 


h = . «> n ^ i 

n = C« - I 


”p Cjn-rp^-j 


^ - I 


d, = —L 


<=.* 


2 Í‘ + j«®) 


pCj'f ] 


n - 


- Z 


- 


5" í. i +jiC*3o ) 


^5 = _L 


U) £ 


'o (t +j3u: 0 ) 


cxpljin. ] 
:p [jmr 3 


oy cO 


o \ 


+Ue c\rcd.h d«L .mphasize ^ Wi^K- f^uxncj 
c -°' rn ponan \-s 

vc>4<ij< across resis 4»' \ñskaj / 


H CtCi - _L 


joo 


0^ 


1 -V í 03 


H Cnu^o )o >j£f_ 


I + jn co© 

•= ^ J n ojo ¿xp t J ^ 3T" 3 r • x “I 

- -:- _ 1 3 - * -esep L J n U3„ t J 


n - - <^3 i + i n cO , 


{-+* n a - 


73 



3.27 


^ > = ^ a3e ’ - e. x p f i 1 L 1 

2ÍlfjU.) 1 J 3 J 

. « P £jíJrj 

b (f I +ja u3o) 5 

d 3> - e2 ptj Tr 3 

1(3 (.* j S U3o ^ 

f- n«. », _ -H..-* n* 1 ’ <*„ b < ,„ v| - tfcn 


OS 


'•«■ -fke 


¿lo rn 


P° 


dn *¿ -— eX PLj"í ]-' ^ 

n a + i 

c i ircu i p pas. s¿rs -tí* <. [n'gJo 
nen ^ ud/Í4ioi<P alkrnal-i 0 r) S , 



1 

ico 1 

h(íb) = -^1- = YTjj 
1 + — 

With o 0 = 1, 

_ x(r) = j + 1 e ;30" e M,' + | e -jxre-j«* + i ^ e" ;2<a °', where 

, * ^ : 30 o _ _ 1 

Therefore c 0 = 1, c, = c_, * = - « , c 2 - c_ 2 - 2 

H(0) - 1, H(o>o) = YT7I = 0 - 101le ' 1,S '- mC ° o) = O- 4472 '"' 634 " 


3.28 


and 


d 0 = 1, d, = d., * - 1.0607e“' 15 ', d, = i-, • = 0.2236^ «" 


which gives 

3,(í) = 1+2.1214cos(í - 15°) + 0.4472cos(2r - 63.43") 


System 1 has magnitude and phase distortion. 
System 2 is distortionless. 

System 3 has magnitude distortion. 

System 4 has phase distortion. 
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Ce!) 4 HCu) 7 - J-ür .' 1 


-6 


4 -arT' I D~ 6 tú - l ° o-> 


< 0 02. 


Cok'ch 


l lcT*io | 

givtfs LO < 2.4-*U-Sc> 

3 '^° yCb)= A xlt) ■+• B^Ct) 

*<-«0 - Q, Cos lo o t + Oj, Cías, 2 -LOot 

yet) . A[a, C o¿ CO© b 4- Oa. Cos 2 .Gjo t 3"* ^ £giC©s <Oot 4- 
Ac ( Co^coqt i- Aa 2 (qaoj 0 t 4- Z[a?~Co*cúot 

^ 2 . Ces. COo b Ce> S 2 (o® fc 4 . Q^“ ( 0 ^~ O^otJ 

’ Ao,C* 5 cOo-fc 4- A^C.s 2 LOot 4 - B [ q, 2 - _u Cc s¿ g«t 

2 - ~ 

+ Za.^Cc ^fcj. ¿«3 63.0 + 9£<>< M *u.0l 

2- 2- -* 

= A a, Cnu.b * A a* & s z«.l 4 S*,*- + Bdz^k 

2-. - 

■*“ B^ia* Cos toa fc + B^i Ai ios 3¿Oot -+ JBclÍ' + B>q^ Cos4.«^t: 
neto h c 


Cos 4- lo o b 


Also a tiC. Wm coi 
Coa s ^eneroil-c.J- 


,aTmon,cs> ar * 50,0, Cos 3coot y 

^ maqo 'BaN 8*,,*- 
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Now /o - 2 kHz and c n = (KzlT)únc{nzlT ) = (l/5)sinc(n/5) 

The filter passes only the de, lst and 2nd harmonios. 

For O <1/1 <5 kHz, \H(f)\ = 10, Arg H(f) = - (;r/)/10000 
rads. 

v 1 11 12 
Now c 0 = - , c, = o., * = - sinc(j), c 2 = c_ 2 * = - sinc(-) 

so that 


1 .7C 2 - 2 -^ 

d 0 = 2,d l = d_ { * = 2sinc(-)<f, d 2 = d_ 2 * = 2sinc(j)e _7 T 


and 


1 2 

y(t) = 2 + sinc(-)cos(40007rí - 36") + sinc(-)cos(8000^r/ - 72") 
5 5 


3.32 


Í8 A 


From Example 3.4.2, a n = < 


nn 

0 


n odd 
n even 


With b n - 0, we get c n 


4 A 

n odd 

nn 

0 

n even 


For the given Circuit, H{co) = 1 I(R + jcoL) = 1/(100 + jO. 5;r) 
so that with ú) 0 = n! 2, we have 


d 


n 


1 40 

——-—— x — n odd 

100 + y 0.57rrc n n 


and 


The 


\d n \ = 


average 


1 1600 
(100) 2 + (0. 57rn) 2 X (n;r) 2 

power dissipated in 

P= 2 1 ^ 1 ^^ 0.018 
n odd 


n odd 

the resistor 


is 
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3.33 From Example 3.3.2 


3.34 


3.35” 


c„ = i 


n even 


7r(l — n 2 ) 

0 n odd, n ^ ±1 


c, = c_, * = 


£ 

47 


Since H{co) = 2/(jco + 3), 

, _ 2E 

da — -— 


3 7T 

E 2 

di=á-.* = -jTX 


¿ ^ ©o 

. - . . = — . — — — tan — 

4 ^o + 3 2^9 + ^ 2 3 


, , . E 2 

d 2 = d_-> * = -x 


3 * 7'2©o + 3 


2.E . 2co 0 

-n- tan - —- 


With H(co) = — 


jco + 1 


1 


(jco) 2 + 3 jco+ 2 jco+ 2 

, _ 2E 

¿0 ~3Í 

d { =d_y* = 


, we have 


d-, = = 


2^f4+~co 0 
2 E 


l K ( CO 0 

= J -tan — 

,2 I 2 2 

’n 


ÓA/l + co¡ 


¿tlz 


tan l co 0 


\¿ * Ln:)C * n «»' t ^ ± f 

.o ' fc - T . 

j ■X-L'tj SlTi OíOo-J /■ t 

l t d m co o ol 

"n 

^s° Cn -L f "^OO^pC-j^. 

o 

^ j. r T t 

tJ ^ -J^r / vW)S;„o U ,ÍJ’? 

- -j 'ií(t) 
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£=0 T, - i 


^ = -L ) xCfc) Cosn^ 0 n?cl ? 


-fc-T 


. , x 

~ J zC'i) * «•'C «l^L r {.G,} 


1sttl; r J t ^)Sn^,í« =i j T ^Cí) £.h „«.* ¿K 

fc-T* i" o 

r ” ^Trn ^Cm} 

L'v) T, = XT 

, *t T 

_L_ J x^) C^ruo^ el'fc. ^ ;L | *Ga)C®S « <0 0 ^d'C 


b-U_T 


LT 


r — j" X (/C ) Cos ncoo_2l 4 ^ 

r .«» 


-t = (^¿ ( Cn } 

*j s> C_t) - -!— J x C'S: ) Sm n co e ^ c\ ^ 

<T fc-lT 

. , T .' 

r ~ J XCt! ) S.ñ ol^ ==L j*C^)S.Ó nu^i^ 


CO <, » i WuV T +- 4.T 


r -Th-, 1 Cn 3 


T; = 4-T 4 f T X_ = «niraer y o < (L -c I ano l J.»r 
, . t ^ (fc-T,JtiT- r 

^ Ct) ’ F = í ,C0 6.r, U .W< 


fc-T, 


J 


(t-i.)-fXi-ff i 


“ ÍT * ( - T t-T 


^C'C) C»s n ^ O ^ el /C 

-'•T + fr Ct-TO-Mr 

S.nc*. ít»(t y t Ct)~-!_ f aC'e)c«n u >.'íJT , 

-¿T J 

* r í" 

+• -£- XOO Cos noúo'ZJ'C 
JLT J 

T _Í ^ Ct ) Cos n a3<> ^ d *2 — [_Cn ^ 

C) 

Sm-i'i lar ly y s Ct) — —'T.tn Cn } 
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3-^ G> K Cu>) - 




IcU 


2- + JJS - 60 x IO -, ~ 

^ ( -i. 'H C -1 -4J 0 } ) , COfej-t) 60, 

I —— tos TT . 1 \ 

^j!Tx, b -l 8 


TT¿I- a) 

íd+ 1 - l C+ + I 


Ce> S 2- II _L 


I Tro- fé) 

337 HCo) , g. 

C^ r ^ 7 J 7 ¡<OL 


¿ 4j ¿© xio* 


!<=|. 


(j - 1 o ^oíM , • -4 

^ ) +J 1 oto 


c * n Cacoo) ] 


✓ t*3l+lr> cO £ 


>4l =, 



I“1 (,) 


- I 


O • O I 054 


0& | 


i 

= O’Oil 2_3_ 
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3.38 


(a) c n = 


n even 


*( l-n 2 ) 

O n odd 


For the Circuit of Figure 3.36, since H(co) - 20/(40-r jco) 

1 40 

d 0 = -, \d 2 \ = 


K 37r'\[600 + col 


For the Circuit of Figure 3.37, since 


H(co) = -7 


i0 4 


dr\ — — , I dn I — 


10 4 - 0. Ico 2 + jco 
2x10 4 

3W(10 4 -0. Wo^+a 1 


(b) We have 


4 


I17Z 

0 


n odd 
n even 


For the system of Figure 3.36, we get 

800 

d , = d_ x * =--- 

"(40 + jo) 0 ) 

For the system of Figure 3.36, we get 

40x10 J 

/t(10 4 -0. la 2 + jco) 
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fO ^■ hi r . - r . j(N+l)<>Ctefc 

^ ' ¿i Cxp[jntO£>b3 = NciJí b 3 - <3- 

n=. -r< ----—- 

I - ex p L j too 13 
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~ nnemoTn, )<rsS^ Cexus<rJ 


(i) jK*) = 2 #) = i 

k—~oo 1 


C r noT\ > j J 

2 (-« - 6 ) —5 < ti < —1 

2(/i — 4) 0 < rc < 4 

0 otherwise 


(ü) - v (/2) - (-)"«(*) + (ly-' u (n - 1) + (!)««(*) * (!)»«(„) 

¿ J 

= + (j)"-'«0z - 1) + 6[(Í) fl+! - ( ^) n+{ ]u{n) 

= 4(-)"«(/i) + (^)"- 1 U(n- 1) - 2( j)*«(7i) 

(iii ) m = ÍKn) =¡ n+1 °- 71 - 9 

¿=o [10 n > 10 

° V) - v ^) = (j)V") + (jf * (j)*íi(/i) 

= ( j)"w(/i) + (n + 1)( j) n 

(v) ^)=(jr«(»)+(jr *(!>•«(„) 

=(i-r«(/z)+3(^r«(/z)-2(i.r 

0 2 3 

= [3(j)"«(/í)-2(ir]«( / i) 
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(Vi) 


y(n) = 


E* 

k=0 

n 

I k 

k=n-9 


0<n <9 
n> 10 


i n{n +1) 0 < n <9 

~\0n -4 n>!0 


‘ko 

n - 2. 

-t O 

1 X 

3 

4- 5" 



x£rO 1 

-'/i V* 

*'/s '/«, 



;* l 


XCn-l) 

! -Vz. 

V* "’/s 

‘At 


A 


*.Cn-z) 

1 

-Va- 7-4 

-'/s 

'/«i 

A l 


x Cn-3) 


1 -Vz. 

7« 

"/i y» 4 

x -i 


y (o) = i - 

3 7- 

Ó- ' J 

üT 

« 'u J 

- 7 

Te J 

i- --L l 

lL j te J 




4 





(«'■) 

n O 

» 2. 

3 4- 

*5 

¿ 7 


■2. y: 

xerv) t 

Z. 3 

O -| 




X 

XX»-Q 

i 2. 

3 C 

- í 



3 x 

xcn-i; 

1 

2- 3 


-1 


\ X 

x-tn-lj 


1 2. 

3 

o -í 


-^x 

xCn-4) 


1 

2- 

3 o 

-I 

yCn ) - )_ 2-, , 

7 - t. 7 , 

O 

✓ / 

-i 2. 

j 

i • 


(" 0 

n -j. 

-i O 

1 2- 

3 

4- 5" 


•2.% 

x^n) * 

Vz. ~ 

i 4 




-< y 

xCn -{) 

3 Vz. 

"% i 



'4x 

X(n-Z) 

3 

'/z. -v 

i . 

4 


-‘/¿x 

X C n - 3 j 


3 /a. 

•V-4 

* 4 


i 

yCrO » | i , -X, 

‘/i 1, 

7 * 7 s 

3 

-* ■£ 

. -‘i 
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C iv ; n O i 2 . 3 4- 




X.Ln-t) 


^ 1 u* ! 


' < '/i 3/V I 


x. Cn - 2 .) 


xCn -3j 


— i y 2_ ~ i 

-i Vj_ 3/ A -'/s- 


xCn -4) 


V 2 _ 3 /^. 


y(n) ,{-( y -'/a. , V* , , il 4 c j *' /i4y 3i /zo, Vs-. ' 


A(n) = [A,(n) * A 2 (/i) - h¿n )] * A 3 (/i) 

= [(« + 1 )(t)' , “( / 1 ) “ (r)“«(n)] * «(*) 

j 2 

= í(¿ + l)(3)*-í(3)* 

t=o j i=o i 

= - r «(t)" 1£ («) ~ 7 (3)"«(«) + T “( n ) _ 2:íín) + ( 7 )" ¿¿ ( n ) 

2 j 4 j 4 - 

= - 7 rc(^y«(rt) - 7 (3)"«(n)+ 7 «(«) -j- (7)" u («) 

2 j 4 j 4 i 


* t_ 6 ( 3 + S ( J r '4 r + í " + I 1 "*'’* 

(a) A(n) = [(3)»«(/i) * 5(n) - ¿"«(n)] * (I)« u (n) 

4 3 3 

= (¿) n u(n) * (j)“«(/i) -(j)"í£(/i) * {2) n u(n) 

= -(^r 1 ]«(«)-(«+ 1 )(j)*«(ii) 

= 3(í) n “(n)-3(^) n u(n)-n(^) n u(n) 

(M n n 1 1 1 

w s(n) = S h(k) = I 3(-y - 3(-y - kiW 
k =o k=Q 2 3 3 

= 7 - 3(3)» + - (3y — (3)« U (n) 

4 2 43 2 3 J 
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w-n-n 0 -» 

& ' 12 - **,00 , 

k = n 0 k * n 0 K = 


N-t i-n 0 


*,0'') xj”-k'í + JE *,oo**.o->0 


hJ- l 


X, (m-N)x 1 Cn-' T ’^N) + 2L ^-iOO 


rn = 0 o+ M 

w-i 


K= o 


N-H-n, 


N-l 


k* *• n 0 rNÍ 


■^íÓO *z (n-k) -c x i Ck)-scz Co-n) = 21 x iCk )azC«-k^ 


k-=o 


k-« < 


6.13 (a) Do a circular shift of x(n) so that the origin is at the left, to 


get 


x(n) 1 -1 

4’ 8 16 2 

Zero-pad h(n) to get h(n ) = {1, - 1, 1, - 1, 0} 
Form the tabie 


n 

0 

1 

2 

3 

4 


h(n) 

1 

-1 

1 

-1 

0 

1 

x- 

4 

h(n-I) 

0 

1 

-1 

1 

-1 

1 

x— 
8 

h(n-2) 

-1 

0 

1 

-1 

1 

1 

X l6 

h(n-2) 

1 

-1 

0 

1 

-1 

xl 

h(n-3) 

-1 

1 

-1 

0 

1 

1 

X - 

2 

y P (n) = 

(- 

16 

15 

~ Y’ 

15 

16 ’ 

9 

Tó 

16 1 



and is y¡(n) of Problem 6.9(a) with the last three points aliased 
into the first 3 and the result circularly shifted by 2 points. 
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(b) 


n 0 

1 

2 

3 

4 


h(n) 2 

-1 

3 

1 

_2 

xl 

h(n-l) -2 

2 

-1 

3 

1 

x2 

h( n-2) 1 

-2 

2 

-1 

3 

x3 

h(n-2) 3 

1 

-2 

2 

-1 

xO 

h(n-3) -1 

3 

1 

-2 

2 

x-1 

y P (n) = {2, 

-6, 

6. 

6, 

.71 


and is y,(n) of Problem 6.9(b) with the last four points aliased 
into the first 4. 

(c) Do a circular shift of x(n ) to get 


Y 


x(n) : 

r 

I 

i’ 1 ’ 

4, 1,3 


Zero-pad h{n) to get h{n) = | 

2,-1, 

1 

2 ’ ~ 

> 


Form the table 






n 0 

i 

2 

3 

4 


h(n) 2 

-i 

1 

2 

1 

*2 

0 

1 

x— 

4 

h(n-I) 0 

2 

-1 

1 

2 

1 

*2 

1 

X_ 8 

h(n-2) 1 

0 

2 

-1 

1 

2 

1 

X 16 

h(n-2) i 

1 

~2 

0 

2 

-1 

xl 

h(n-3) -1 

1 

2 

1 

*2 

0 

2 

1 

X_ 2 

, 3 

y pin) = { “ ^ » 

1 , 

13 

Y’ 

21 

T’ 

Y 



and is y¡(n ) of Problem 6.9(c) with the last three points aliased 
into the first 3 and the result circularly shifted left by 2 points. 
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(d) 

n 0 12 3 4 

h(n) 11111 x-1 

h(n-l) 11111 

h(n-2) 1 1 1 1 1 x| 

h(n-2) 11111 x-j- 

h(n-3) 1 1 1 1 1 xl 


y P (n) 


21 ü 21 21 21 

20 ’ 20 ’ 20 ’ 20 ’ 20 } 


and is y¡(n ) of Problem 6.9(d) with the last three points aliased 
into the first 3. 


y Cnj) + z = 

T 

(\ + ") y Cnr") - A ^Ccn-OT] = 

^ . yCc" + OTl -y<0T) . 

(b) y in i ) + 2. -—- 

l 

3 y [cn+OTj 


T.f’' O 
3c<CnT } 
x CnT) 

-X (rtT) 


146 



6./5/É../6 

The tables below give selected valúes of the true valué of the integrated y(t), 
and the approximations using the backward difference yeínT), the forward 
difference, y F (nT) and the trapezoidal approximation, y T (nT), computed 


= 0.002 and T = 

0.001 




T = 0.002 t y ( t ) 

yb^) 

yFOO 

YtM 


0 

0 

0 

0 

0 

0.01 

0.01 

0.01 

0.01 

0.09 

0.05 

0.05 

0.05 

0.05 

0.05 

0.1 

0.1 

0.1 

0.1 

0.1 

0.25 

0.25 

0.25 

0.25 

0.25 

0.5 

0.5 

0.5 

0.5 

0.5 

0.75 

0.75 

0.75 

0.75 

0.75 

1 

1 

1 

1 

1 

1.01 

1.00995 

1.0 

1.00994 

1.00895 

1.1 

1.095 

1.0949 

1.0949 

1.094 

1.2 

1.18 

1.1798 

1.1798 

1.179 

1.5 

1.375 

1.3745 

1.3745 

1.374 

1.6 

1.42 

1.4194 

1.4194 

1.419 

1.7 

1.455 

1.4543 

1.4543 

1.454 

1.8 

1.48 

1.4792 

1.4792 

1.479 

1.9 

1.495 

1.4941 

1.4941 

1.495 

2.0 

1.5 

1.499 

1.499 

1.499 

3.0 

1.5 

1.499 

1.499 

1.499 

T = 0.001 t 

y(t) 

YbW 

yt^) 

YtW 

0 

0 

0 

0 

0 

0.01 

0.01 

0.01 

0.01 

0.01 

0.05 

0.05 

0.05 

0.05 

0.05 

0.9 

0.9 

0.9 

0.9 

0.9 

1 

1 

1 

1 

1 

1.01 

1.00995 

1.009945 

1.009946 

1.00995 

1.1 

1.095 

1.09495 

1.094951 

1.095 

1.2 

1.18 

1.1799 

1.179901 

. 1.179999 

1.5 

1.375 

1.37475 

1.374751 

1.374999 

1.6 

1.42 

1.4197 

1.419701 

_ 1.419999 

1.7 

1.455 

1.45465 

1.454651 

1.454999 

1.8 

1.48 

1.4796 

1.479601 

1.47999 

1.9 

1.495 

1.49455 

1.494551 

1.494999 

2.0 

1.5 

1.4995 

1.4995 

1.499999 

3.0 

1.5 

1.4995 

1.4995 

1.49999 


It can be seen that all three methods provide good approximations to the integral 
in this example. The approximations get better as T becomes smaller. 
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6.17 


(a) y(n)= -y(n- 1)- ^ y(n- 2) + 1 

3'(0) = -y(-l)-^(-2) +1=0-0.25 + 1 = 0.75 

7(1) = -y(0)- j y(-l) + 1 =-0.75 + 1 = 0.25 

y(2) = -y( 1) - i >;(0) +1 =0.5625 

7(3) = ~ y(2) - j y(l) + 1 =0.375 

7(4) = - y( 3) - ¿ y(2) +1 =0.4844 

7(5) = - y(4) - ^ y(3) +1 = 0.4219 



n 


(b) y(n) = -jy( n -l)-ly(n-2) + (i)" 
7(0) = - - X-l) - £ 7(-2) + 1 = 1.75 
7(1) = -^7(0)-^7(-l)+1 =-3.3125 
7 (2 ) = - 1 7(D - |7(0) + \= 2 .3027 
7(3) = -1X2) - ^ 7d) + ^ = - 1.3006 
7(4) = -1X3) - ^ ;y(2) + ¿r = 0.6917 
7(5) = -17(4) - 17(3) + ¿ - 0- 3548 


(c) 7(«) = ~ \ yin - 1) ■- i 7(n - 2) + (i)" 

7(°) = - f 7(-D - | 7(_2) +1 = 1 

7(D = ~ 17(0) - ^ X-l) + | = - 0.25 

7(2) = - j 7(1) - 7 y(0) + 7 = 0.1875 
4 Ó 4 

7(3) = - - 7(2) ~ ¿7d) + ^ = - 0.0469 
7(4) = - | y(3) - i y(2) + ~ = 0.043 
7 (5 ) = - ^ 7(4) - i y( 3) + ~ = ~0. 0107 
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6.18 


(d) v(n+ 1) = — ^ y(n ~ 1)+ *(«)- ^ x ( n ^ 
~1 11 

y ( l )=-- y (°) + ---=- 0 . 5 

yC 2) = - 2 + g ~ 4 = 25 

yV‘- l 2* 2)+ T6-r l 

y( 4) = 4>’ (3)+ ¿'i^ = " 0 - 3125 

y(5)= _l y (4) + l-l = -0.0312 

(e) V («) = x(/x) -t- ^ x(« - 1) -t- 2 ^(n - 2) 

v(0) = x(0 = 1 

1 , 1 
y( l) = l + - = l- 

1 o -, 1 

y(2)=l + -+2 = 3- 
y(3) = y(4) = -. = y( 2) = 3 - 



3-5 r- 


o o o O 


o O o o o 


(i) Characteristic equation is z 2 — z + — — 0 w ith r00,:s 


z = — ± j — = e J 4 so that y h (n) = A y e j + A 2 e J 4 
2 2 

Substituting the initial conditions and solving for A\ and Ai 


n 

~JT n 


y h (n) = ^ (n+3) + e' j ^ n+3) = 2cos( j (n + 3))«(n) 


1 1 


(ii) Characteristic equation isz 2 --z---0 with roots 


j ^ so that y 4 (n) = A,(- -)" + A 2 (-)" 


Solving for A( and A 2 gives 
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(iii) Characteristic equation is z~ - z + - - 0 with roots 

z = - , - so that y h {n ) = A t (—)'* + A 2 n(-)" 

2 2 z z 

Solving for A x and A 2 gives 

y¡X n ) ~ ^ (“ ~ 4 n (~ ^^ 

3 1 

(iv) Characteristic equation isz 2 --z + - = 0 with roots 

z — 1, ^ so that y h (n) = A, + A 2 (-)". 

2 L 

Solving for A! and A 2 gives 

y h (n) = 2u(n)-^(-) n u(n) 

(v) Characteristic equation isz 2 --z--=0 with roots 
z = - i , ^ so that y u (n) = A,(- -)" + A 2 (-) n 
Solving for A, and A 2 gives 

}>/,(«) = - \ (“ 4)" M ( n ) + 4 

(') O» - £cjn . is A. 3 - 1 - a Roofcs qt ^ ¿ 

^Cn') = A (x) n + 6 (-i-) 0 

k 'j C n > =• K, Cos 3n +- ki Sin 3o 
- r 4 4 

y p (n-O = K 3Cn-0 ^ ^ Stn 3 fn-Q 

= k, T Coj, 3I7V. Cos, 3T + Sin 3TTn Sin 3T 7 
4 4 4 4- J 

4 |<2 £ Sio 317~n 3 11 _ C.ob 3 Un Sin 2-J *~J 

+ 4 “ir 4 - 
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[eos 3Fn 


2 Co± sir 

+ ~ 2 T 


Str> 3 l( rs m 3 TP *7 
* J 


*+■ k. f Cos 3 jí S|V> 3'<n — Cos 3 ii o Sin 3u 1 
^ ~ ~ T ~ ^ J 


l/St Ces 3TT _ 

JL = -S,n 3~ 

Cos 

3íT 

4 

rs — ' 

-2_ 

a. n d SwbsW’Vuk. 

J 

V 

-Tí 

.c 



u, - Jlj_ 

- Jl3=_ _ _ 

2. - 

1 


cJT A 



l< 2 . 4- Jii. 

-ti. + k, ' = 

1 


c>TL 

4 f-L. c 




srr - -i 


K ' 1 

<" 

t 

- k * J 

3 s-syr 


79 - 21 /T 

-»2. -h i/r 


'• 'jOO .A, (-¿)° + 4 (£)" + k, G»»3ün + Vc^Vn^rj 

i 


Y\ - -\ ^iVCb 

n - - 2 _ CjWc 5 


— SA - 3 & + - t 

14 

2 5A -*- <^8 + 4- S~ - | 

14 


A - 


_ 13 
iO 


6 - % 


( v ) - jpC ^ = K ^)" 

Subskkík. tn d--¿- ^ ^ 

^c-> - M'í) n + B (£) n -^ «) 


2 . 

n 


'jC°) - yC0 -° 3' vcs ^ ~ / b - 


6.20 (i) For n > 1 , y(n) -yin- 1 ) + ^ ?(« -2) = 0 

.* .£ 

so that /i(rc) = J 4 n + A 2 e J4 - 

With ;y(-l) = 0 , y( 0 ) = y(— 1 ) - \ yi- 2 ) +1 = 1 . solving for the 

1 j - 

constants gives A { = A 2 * = -f= e 4 
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so that 


h(n) = 1 ±L e &-i) = (n 

V2 V2 4 


(ii) For n > 2, y(n) - \ y( n - 1) - - y(n - 2) = 0 
6 6 


SO that h(n) = A,(-jr + A^r. 

With j(0) = 1, we get 7 ( 1 ) = \ y(0) - - x(0) = - - 

6 2 3 

Solving for the constants gives A¡ = - j, A 2 = j 


so that 

h(n) = - j (- \) n u(n) + j {]^) n u{n) 

(iii) For n > 1, y{n) - y(n — 1) + — y(n - 2) = 0 
so that h(n) = A x {~) n + A 2 T t(^)\ 


With 7 (—1) = 0, we have 7(0) = x(0) = 1. Solvin: 
stants gives A, = A 2 = 1, so that 

Kn) = (n + l)^) n u(n) 


3 1 

(iv) For n > 1, y(n) - - y(n - 1) + — y(n - 2) = 0 
so that h(n) = Ai + AoC^-) 71 . 


l))u(n) 


for the con- 
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n 2 _ 


4i ' ^ !)<•"> - A (A)” + S(-i) n -fi* 

s 1 1 Ucn) - /±^°(xCn) Si” c ¿ A - 1 y © 

10> = J j 


w 

y n Cn) * 

* (-¿r 

n ^ / 



yc°) -- 

1 . % . h Co) r* éz.^ u Cn) 


Ü'úJ 

5«m¿ 

as Cif) 



(ív) 

%<"> 

• ¿ HT * 

i('-¿)' 1 íov n» 


‘jOO - 1 

V :-/A = 3 



y c-«; - o 

j *• 

J e.- s 

••• ^ > -1 (-?; 

) *1N- 



2~ 


•fo r n ^,0 

(V) 

Same- 

a*, C - 

<V) 
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C^n 

e<y*> . 

of 4be 

«Sumí J £^ n »* 5 -Kl^H.b=o 

PVp ro ^ivcn 

b> Cn") , 

roofe of bt ¿;‘í 


(3- t) C5-i) - 

5^-aj - , a ro , be -i 

Fot 

O 2 y 

¿-V' 13 

!jín) - i <j C» ' 0 


co í -í-V-» 

so lu (non 

¡JOO * ¿(i)” * ©('i)'' 


J. c • ot-e ijCo'í-C-, Vj co = <=^ 

Siñcí. A ■=■ 0> - ' , C=2., 1=1 

.'■ ¡, -1 5t»-0 * 


G-2% L«-b *-ii C r 0 = (“4. ) n u t n ^ 

"Tt-iera la Cn) ■= la, Cn) -t- A KiC r >"0 


Clccrly la.Cn) * s ,V,püke rcipc-iSC °í « S^Sfcm of 

bK « £ o '' On 

i yO 15t -í- ri ) 



Inc *) 

íorríspeods +e yC.n)w-J^ V ~ 1 ^ - 

•2. en ) 4- jL 
2. 

x Ln-i) 


Por 

w 

n ^ ' , U?c. haví ^ en¬ 

te. s« 

k) = ^ 



y C<0 e 

X [reo) -£ W a k ^-ic) 3 - J- 

te.^f *• 



Cb) 


yem) - | ye 0 - 1 ) + 1 ij4n-2.) = * > 

Ka ve 

impulse 


-' eipon & í . 

Tb<-n U^n) , A ti T - &(¿) n 

«Oifii b ^ Co ) - I \ Cr < v*S A - ✓ ® " 1 

■'•c-o =» I ■•• h- ( „). L^ar-ay J“<a> 

. •. kt-'), L^T-ayi - ¿ oar-^rJ^- 0 
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00 ¿O M«¿«} k» *©lv c ? + -0 -t- <j Cn- 2 .) r 

<oi+K y ¿-0 = ® j Co) = I 

¿<*'s 3 Cn > . Ac. s ÍJT „ t85 ,„ ¿ a - 


- i* uí-híT]™' 1 


•jc-o - o = ía .jt b 

2 - 


y ¿*) , / 


a =. I 
8 * - 


• • h(n) = Co¡, 2Xr 0 + j S<A 2¿» n "J w ¿„) 

3 Vj "3 -I 


•fine) H(n) y 

SoWc y(n)-j. yCn-0 - i yín-O- ^ 

f ® r 0 / 

40 « ^ jf-l) ^ fo ) = | 

KCn). | 

. i í-^r ><■•> 

^(n ) , £ 

$( ¿ ) n + ínt ]“<■'>)-* [§(trtj(-if] 


u(r>-/) 

' ( 

i) «<") 


<»•) £»(»= jí ») - 3C „. iX . 0 „„ 

¿4 J 

3 fv ‘* hCn) - [f ífj"- fí-JJ" Jx<nj 

ÚV) ^ B>1 

*‘0 = 4>, y CO - I 

5O ' Ut '“ 0 fS Bn (~~) n 

n - I o t \/ «S « I A , « 

3 . 3 a - 3 B * * 2 A * -1 

n * 5 “"A -AA + a^B - / J 8 s. f 

r 1 “» 

•■• K fr ° * L- T C-j)** 1 * (-± ) n J«Cn) 
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UJ > C. 


00 fc f z X ) , co ¿ lio.'/ c. Jn^n ) — í*£ 

^ CM - K^Cn) - 3 k*¿n-0 -t 

— £ Ln ) — 3 S Cr>~ i ") -*~ 2- £ (,r\ -x } — 

*■** CU ( a ) 



i») xCn) - 

c «»0 c< ^ 















6.26 (i) (a) 


(b) 


(ü) (a) 

Gil) 


(b) 


(iv) (a) 


(b) 


y(n) = v,(/z) -f- x(n) 

v, (n + 1) = v 2 (n) - y(n) = - v¡ (n) -r v,(/z) - x(n) 

V 2 (?Z + 1 ) = - i- y( n ) - _ I VjC/j) _ i 

v t (/z + 1) = v 2 (/z) 

v 2 (n + 1) = - - v,(n) - v 2 (/z) -i- x(n) 

y(n) = - 7 Vi(n) - v 2 (/z) -i- .r(n) 

4 

y{n) = v x (n) + x{n) 

3 3 ° 

v i( n + 1) = v 2 (/z) - - y{n) = - - V[(n) + v 2 (n) - ¿ x(n) 

v 2 (n + 1) = - ^ y(/z) = - ^ v, (n) - i ,r(n) 

Vi(/Z + 1 ) = V 2 (/z) 

v 2 (n + 1) = - i v, (;z) - ^ v 2 (n) + x{n) 
o 4 

1 3 

yin) = - - V, (/z) - - v 2 (/z) + X(n) 

y{n)-=-‘v x {n) 

V[(/z + 1) = v 2 (/z) + x{n) 

, „ 1 1 
v 2 (n + 1) = - - V[ (n) - - ,r(/z) 

v,(tz + 1) = V ; (/i) 

v 2 (/i + 1) = - i- v,( n ) + .r(„) 

X/z) = -Iv 1 („) + v 2 (/z) 


( v ) System has no States. 
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9.4 


Y(k) = X x(n)W,t = ¿ *(n)WJ$ + X *(» - &)W$ 


n =O /í=0 

* 


n =8 


a. k 

= X *(«)W 8 " (I) + [i *(71 - 8)Wg (5 >-^' 

n=0 /z=0 


= {\ + e~ j * k )X(-) = \ 


2X(—) & even 

O odd 


so that 

7(0) = 2, 7(2) = 7 * (14) = 2 + ;4, 7(4) = 7 * (6) = 7(10) = 7 * (12) = 2 - j2 
7(8) = 2 with all other Y(k ) = 0, 0 < £ < 15. 

jr .2» 4* .5*. 

9.5 (aX #) X(k) = 1 - 3 - e“ ; 3 ' + «“'** - e" 7 3 + e _; 3 

so that 

X(0) = 0, X(l) = 1 + j<3 = X * (5), X(2) = 3 + j'¡3 = X* (4), X(3) = - 2 

Also „ . - 

H(k ) = 1 + le 1 3 + 3e ; 3 + 3éT M + 2e ; 3 + e 1 3 

which gives 

H{ 0) = 12, tf(l) = -3-j'¡3 = H* (5), //(2) = «(3) = H( 4) = 0 
so that 

7(1) = - ;4V2 = Y* (5), 7(0) = 7(2) = 7(3) = 7(4) = 0. 

Henee 

D jt=0 


= { 0 , 2 , 2 , 0 ,- 2 ,- 2 } 
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9.5 


O O 

so that 


9.6 


X(k) = l-2e~ J 2 k -e Jxk 


■lllr 

+ e J 1 


X(0) = - 1, X(l) = 2 + ;3 = X * (3), X(2) - 1 

i- 

Since H(k) = 1 + e 1 2 , we have 

H(0) = 2, i?(l) = 1 + j = H * (3), H(2) = 0 

and 

7(0) = - 2, 7(1) = - 1 + ;5 = Y * (3), 7(2) = 0 

so that 

)■,(») Ai 

4 ¿-=0 

= {-!,-3,0, 2} 


(a)Cí) Zero-pad both sequences to length 11. Then, we have 


X(0) = 0 

X{ 1) = X * (10) = - 0.7036 + j0.9345 
X(2) = X * (9) = 1.2635 + ;'l.4979 
X(3) = X*(8)= 1.0211 + ;'!. 4026 
X(4) = X * (7) = 4.0133 + ;0.4167 
X(5) = X * (6) = - 0.0944 - ;'2.9141 


H( 0) = 12 

tf(l) = H* (10) = 1- 2326 - ;8.5729 
H(2) = H * (9) = - 2.4556 - ;'0.7210 
#(3) = H * (8) = 0.1108 - ;0.2426 
tf(4) = H*(1) = 0 .2835 + ;0.1822 
(5) = H * (6) = 0.2328 - ;'0.3793 


7(fc) = H(k)X(k) gives 7(0) = 0, 7(1) = Y * (10) - 7.1438 + jl. 1838 


7(2) = 7 * (9) = - 2.0227 - ;4.5894, 7(3) = 7 * (8) = 0.4534 - ;0. 0923, 
7(4) = 7 * (7) = 1.062 + ;'0. 8494, 7(5) = 7 * (6) = - 1.1365 - ;0. 9221 

so that 


10 


= YikW 

11 k =o 



= {1, 1, 0, — 1, — 3, —2, 1,1,2, 1,1} 
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9.6 


(U)Zero-pad both sequences to length 7. Then 


Z (°) = “ 1 H( 0) = 2 

Z(1) = 0.9254 + j2. 1047 = X * (6) H(l) = 0.099 - j4. 3339 = H * (6) 
Z( 2) = 2 - 9695 + 7'2.2978 = X * (5) H( 2) = 1.625 + y0.7818 = H * (5) 
X(3) = 1.9559 - jO. 88990 = X * (4) H( 3) = 0.7775 - _/0.9749 = H * (4) 

7W = 77(£)*(£) gives 7(0) = - 2, 7(1) = 0. 8216 + jO. 61 = Y * (6), 

7(2) = 3.0245 + j6. 0521 = 7 * (5), 7(3) = 0. 654 - jO. 25981 = 7(4) 
so that 


yi(n) = Y(k)e j T kn 

1 k =0 
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= {1.-2, -1,2, -2,-1, 1} 

-J A n 


"7 * 

Y-C-n-}* 2. * ÍZm-bp) 


U.fc- n ^ 

- J CZm + pj 


p—«> rr>=r o 

7 S 


*0f fe > >'22 (i) 

P—o m - o 


i\ ?m+ P -j + 


■ F 4.[f£ ^Kif 

- ¿ ilOJ 1 (í/ ( .-j¥‘ k P 

r=>—^ , L 


1 - £ 


Ut i - ifrj 1 ( 

' - •/* 

x fr fc )« ^ jCp) e "J ^F*P = x Ck) 


Tí, 


k = o, “ ? 


222 



N-t „ r 

^ \ = 21 (n)[ 

l-k S O 

n — 

Vl-l r M-l Kn -\ # , . 

* J. 1 ¿L *-CO W„ Jx(fe) 

N 'e/z-o L h« o 

N-l , X */ \ 

, i 2 . x(<) X O) 

9.9 (i) If M > 7/, ausment x(n) by adding M — N zeros and take the 

M-point DFT. 


vi-i -*n~i 

-i- 1_ * (*•) W m 

N o _J 


(ii) If M < N, let M = NL where L is an integer and let 
n = mM + p. Then 


ML .2ff, W-l L-l .2* 

X(e'77*) = X *(^77* = E X + w 

/?=0 p = Q m =0 


Atf-1 


= X 


L-l 

E x{mM + p ) 

m =0 


. 2 * . 
~J~ 77 P k 
e m 


L-l 

= M — point DFT of E x(mM + p) 

m=0 

In 157T , . „ . 

9.10 128 samples in the range [—,-^) correspond to 512 points in 

the range [0, 2x). Henee do a 512-point DFT. Then k = 112 cor- 
responds to Q = 7^/16 rads and k = 239 corresponds to 
Q = (239 x2jt)/ 5 12 = [15^/16 - (2^r)/512] rads. Use the proce- 
dure in Problem 9.9 to determine the 512-point DFT of x(n) for 
the cases in (i) and (ii). 

9.11 Use the results of Problem 9.9. 
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9.19 The Fourier transform of signal x a (t) is given by 


9.20 


X a (f) = 2[5(f-^) + 5(f + ^)] 


and consists of two 5-functions at / = ± 1/3 Hz. 

Figures (a)-(d) below show the results obtained using the DFT on a 32-point 
data sequence obtained by sampling x a (t) at intervals of T =-15/16 s, corresponding to 
a sampling frequency of f¡ = 16/15 Hz. At this valué of T, the duration of the analog 
signal used in computing the spectrum is 30 s. Figures (a) and (c) show plots of IX(fc)l 
versus k for the rectangular and Hatnming Windows respectively, while Figures (b) 
and (d) show plots of IX(/)I versus / for 0 < / < f s for the rectangular and Hamming 
Windows. 
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Figures (e)-(h) below show the corresponding results obtained using the DFT 
when x a (t) is sampled at intervals of T = 0.1 s, corresponding to a sampling fre- 
quency of f s = 10 Hz. The duration of the analog signal is 3.2 s or roughly l/10th the 
duration in the previous case. Figures (e) and (g) show plots of IZ(Jt)l versus k for the 
recatangular and Hamming Windows respectively, while Figures (f) and (h) show plots 
of \X(f)\ versus / for 0 < / < f s for the rectangular and Hamming Windows. 

All the figures show two peaks, at frequencies of 1/3 Hz and f s - 1/3 Hz. 



(c) (d) 




fe) (f) 
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|X(k)l 



(g) w 

9.21 Since x a (t) = 5cos( 1900^0 + 5cos(210Cbrí)> A/ = 100 Hz. Thus 

9 22 r 0 > 0.1 sec. The sampling rate of T = 0.4 msec corresponds to 

a sampling frequency of f s = 2500 Hz and satisfies the Nyquist 
criterion. With this valué of T, the minimum number of samples 
required to resolve the two frequencies is N = Tq/T = 25. To use 
a radix-2 FFT algorithm, we therefore need at least 32 samples. 

Figures (a) and (b) show the spectra obtained using a data length 
of 32 using a recatangular window. Figure (a) plots \X(k)\ vs k 
while (b) shows a plot of \X s (f) I -vs / in the range 0 < f < f s - 
Figures (c) and (d) show the corresponding results using a Ham¬ 
ming window. As can be seen from the plots, for a data length of 
N = 32, we are unable to resolve the two frequencies using a 
recatngualr window. 

Figures (e) through Qj) show corresponding results-for data 
lengths ofN= 128, 256 and 512 respectively. The figures on the 
left correspond to the recatangular window and those on the 
right to the Hamming window. For these data lengths, we can 
resolve the two frequencies with both Windows. The peaks in the 
spectrum are narrower for the Hamming window. As the data 
length increases, the peaks become sharper. 
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CHAPTirE !0 


10-1 Set 20Io glo ( 1 -<?,) = - 1.5 and 20lo2 10 & = - 15 to get S, = 0.1586 
and S z = o. 1788. 

Equacion (10.3.15) gives N = 1.5535. We choose N = 3. If we use 
. quation (10.3.13), we get cü c = 1412.5 rad/s. The unnormalized filter 


ís 




(1412.5) 2 


5 2 + V2(1412. 5)j + ( 1412.5) 2 
10.2 Wíth f p = 3 kHz and N = 2, v/q soive for co c as 

i 


cv ,. = 


l-S, 


V2¿, - 5f 


(2 7tf p) — 26622rad/sec 


and 


fs=fc 

The filter transfer function is 
H(s) = 


0~) 


2-V 


= 62631rad/sec 


(26622) 2 


s 2 + '¡2(26622)s + (26622) 2 


UJ 


T' ' r S> f- <4 


3 o a 


noffl'c 1 • z.«el 1 43 03 1 fe cü iWi 

2.0 loo C í —«j ) - _ / '203 [o o <52 •= - 1 o 

Kí - t-oL i . Te h NÍ - a 




I 




^ “+. \-M±2.d + 1 
bond pKSSS 


\£> 


oísVoíned «tplact^ 


b 'j zr^r- (¿ 


cj 9 


13 uT 


03, 


= /F i 

(00 <3 r ' Sr 




,-r 4- 

l 60 * 


. 4 - \*- 


1-4-14- 




4 >-10 4- ( 
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»&) 


lo 4 ' d 


O''* \JU.4-Zd % ±- (2 -' 0í * lo^d^-u 2- +B«MC S 
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Voo 


10-7 


Reo. t 


H c O) 


’ ,4 -= - Sin Íi (•Z'íjs) - -2.^ 8 

n • o 73> 2, __ 

C-4 1- -270[ O ) ¿ - 6 -*10 30*" 3 



From the specifications, 201og i0 — r .^- - = = - 1.5, so that e = 0.4825. 

V1 + £ 2 


Equation (10.3.22) gives 

20Iog i0 (. 4125) + 6(N - 1) + 20jVlog 10 (5) = 15 

from which N = 1.0703. We set N = 2, so that 

5 __J_ + . 1 

cú p V2 ~ ] V2 

where co p = 2^1000 = 6283.2 rad/sec. 


From Equation (10.3.26) ¡3 = — sinh 1 ^ = 1.6187, so that the 

poles of H{s) are at 

6283.2 , „ 6283.2 

s =-■=— sinh(l. 6187) ± j —=— cosh(l. 6187) 

72 72 

= - 1.077xl0 5 ± jl. 1651xl0 5 

We therefore have 


H(s) = 


1 


. (i+ 1.077xl0 5 ) 2 + (1.165lxlO 5 )- 


233 




10.8 


H(s) = 


(1412.5) 2 


j 2 + V2(1412. 5)j + (1412. 5) 2 


From Table 10.5, 


ze~“ T sin(ú} 0 T) 


H(z) = 


z 2 - 2ze~ aT cos(cú 0 T) + e 


,-ZaT 


COr 


where co Q = a = = 998.78. 

V2 


Wlth T = 


1 


6000’ 


H(z) = - 


.403z 


- 1.67z+. 7168 


Wlth T = 


10000 ’ 


H(z) = 


.0902: 


z 2 - 1.801z+. 8189 


lo - =1 Ca) 


|H(«) 
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(b) Digital Filter with f = 6000 Hz 
Prdbleci 10.9 



(c) Digital filter with f =10 kHz 

s 


Problem 10.9 
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10.12 (a) 


H(Q)= £ h(n)e~ jíl " 

n =—oo 

= ¿ h(n)e- jQn + h( 0) + £ h{n)e~ ]Cl1 ' 

/?=—oo /i= I 

oo 

= h{ 0) + X[^(«)^' n " + h(-n)e jQn ] 

n= 1 

If /z(n) = h(-n), 

oo 

H(Q.) = /z(0) + X 2h(jí)cos(Qn) 

n =i 

and H (Q) is purely real. 

If /z(/í) = - h(-n), h( 0) = 0, so that 

oo 

H(Q) = í X(-2)¿0)sin(Qn) 

n=l 

and is purely imaginary. 


(b) Let N be odd and let g(n) = h(n + —-—). 

Then 

N -1 

G(fí) = e A ~ ) H(Q.) 
and 

ArgG(Q) = (-y^-)Q + Argtf(Q) 

If h(n) = h(N- 1 - n), g(n) = g(-n) and ArgG(Q) = 0, so that 

N- 1 

Arg//(Q) = - (———)Q 


n - 

If h(n) -- - h(N - 1 - n ), g{ri) - - g(-n) and ArgG(Q) = - —, so that 

N - l K 
Arg ff(n) = -(——)Q-- 
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10.13 (a) 


M») = ¿ ] JOe^da 

-IZ 


— Q.sia(Q.n)dQ 

* l 



n 


n = 0 
otherwise 


(b) With an 11-point response and a delay of 6 samples, we 
have 


l-ll-l 1-11-1. 

^ = [5 Tn 10 ' 1 !!! 5 


so that 


H(z) = ^ (1 - z' 10 ) - ^ (z" ! - z‘ 9 ) + \ Ü~ 2 ~ z " 8) “ 2 (z 3 “ 2 7) + (Z 


-Z -6 ) 


The 11-point Hanning window is 

w h (n) = [. 067 . 25 . 5 . 75 . 933 1 .933 . 75 . 5 . 25 . 067] 

The corresponding impulse response of the differentiator is 

h h {n) = [.0134 -.0625 .1667 -.375 . 933 0 -.933 . 375 -.1667 . 0625 -.0134] 
with transfer function 

H h (z) = 0 .0134(1 - Z' 10 )-. 0625(z -1 - z' 9 ) + 0.1667(z -2 - z" 8 ) 


- 0.375(z' 3 - z -7 ) + 0.933(z“ t - z -6 ) 


10.14 (a) The ideal filter has impulse response h(n) = sin(xn/6)/xn. 

The 12-tap filter response with a delay of 6 is given by 

h(n) = [0 .0318 .0689 .1061 .1378 .1592 1 .1592 .1378 .1061 .0689 .0318 0] 

The impulse response of the filter with the Hanning window 
is 

/¡ A («) = [0 . 006 . 0268 . 0649 . 011.9 .1513 1 .1513 . 0119 . 0649 . 0268 . 006 0] 

Plots of ltf(Q)l and itf*(£2)1 are as shown below. It is olear that a 
12 -tap filter does not provide a good approximation to the 
desired filter response. 
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